Introduction
The global nature of geomagnetic polarity reversals has made magnetostratigraphy an essential tool for precise correlation between widely distributed sections of rocks of different lithological and biotic facies. The best documented history of geomagnetic polarity reversals is for the Jurassic to Number of paleomagnetic samples measured, N, compared to those rejected on basis of poor overprint (A or B component) or characteristic (C component) magnetizations, and those accepted (n) for magnetostratigraphic and paleopole analyses. Generalized lithologies described as basalt or by color of sediment. depositional environments are discussed in more detail by Smoot [1991] .
The Stockton Formation is the lowest stratigraphic unit and consists of buff-colored to red arkosic sandstones and siltstones of predominantly fluvial facies. The Lockatong Formation is dominated by gray to black shales with minor red siltstones and mudstones, interpreted as a [Fedosh and Smoot, 1988] . Thickness scale is the nominal aggregate length of stratigraphically overlapping NBCP drill cores linked by main correlation horizons. Palynofioral zonation is from Cornet [1977, 1993] and Cornet and Olsen [1985] .
variation that are interpreted to represent climatically-induced changes in lake level reflecting Milankovitch orbital forcing [Van Houten, 1964; Olsen, 1986 Cornet [1977, 1993] and Cornet and Olsen [1985] recognized four pollen and spore zones in the Newark Basin section (Figure 2 ). These provide the best presently available ties to standard geologic ages, and the age assignments are generally supported by vertebrate assemblages from the Newark Supergroup Galton, 1977, 1984 
Sampling and Laboratory Procedures
A paleomagnetic sample plug was taken from what we judged to be the most favorable lithology within each core storage box (nominal 3 m interval). Most of the samples were from red sediments, but all lithologies including gray to black shales and the basalts were included as part of the regular sampling scheme. The sample plugs consisted of 2.5-cmdiameter cylinders drilled perpendicular to the core axis, inscribed in the upcore direction, and sliced into 2.2 cm long (~11 cm 3) specimens for paleomagnetic measurements.
The specimens were stored, and demagnetization treatments and measurements of their natural remanent magnetization (NRM) were made within a low magnetic field environment (<300 !.tT) of a shielded room. On the basis of pilot studies on core samples and our previous work on outcrop samples [e.g., Witte and Kent, 1989 ], progressive thermal demagnetization was found to be the preferred treatment to separate components of NRM in the hematite-bearing (i.e., high coercivity) red sediments that dominate much of the section.
The same treatment also worked well for the gray to black shales and the basalts. Heating and forced air cooling were done in a specially built large-capacity (51 specimen) thermal demagnetizer in which local shielding reduced ambient magnetic fields to less than 5 !.tT and noninductively wound main and end furnaces kept thermal gradients to less than 5øC over the volume occupied by the specimens. The magnetic remanence of the specimens, typically of the order 10 mA/m for the sediments and 10 A/m for the basalts, was measured with a ScT two-axis cryogenic magnetometer and, for the last (Weston) drill core, a 2G Model 760 three-axis cryogenic magnetometer. A redundant measurement scheme that provided an estimate of measurement precision of the remanence vector [Lowrie et al., 1980 ] was used as a basis for rejection of poor quality data, especially at higher levels of demagnetization. The low-field magnetic susceptibility of each specimen was measured routinely after each thermal treatment step with a Barrington instrument to monitor effects of magnetochemical alteration over the course of the demagnetization procedure.
Two alternative schedules of thermal treatment were used.
For specimens from red lithologies, where hematite was the expected principal carrier of remanence, thermal demagnetization was done in a minimum of nine steps, usually at 200 ø, 300 ø, 400 ø, 500 ø, 600 ø, 650 ø, 660 ø, 670 ø, 675 ø, and/or 680øC. For the gray to black shales, as well as the basalts, in which magnetite was the expected carrier of the remanence, the typical thermal demagnetization schedule was at 200 ø, 300 ø, 350 ø, 400 ø, 450 ø, 500 ø, 520 ø, 540 ø, 560 ø, 570, ø 575 ø, and/or 580øC. If the "red" schedule resulted in a large decrease in NRM intensity between 500 ø and 600øC, and the presence of a magnetite component was therefore suspected, the companion specimen was subjected to the "gray" thermal treatment schedule. Conversely, if there was appreciable remanence remaining after the conclusion of the "gray" schedule, thermal treatment was continued using the "red" schedule from 600 ø to 680øC. The systematic thermal demagnetization schedules were convenient in processing data for magnetization components in the more than 2400 samples analyzed in this study.
Magnetic Properties
The NRM of the red sediments generally consists of three components of magnetization (Figures 4a-4c The NRM of the gray to black shales usually consists of only two components (Figures 4d-4f ). First removed with a maximum unblocking temperature of 300 ø to sometimes 400øC is a steep downward magnetization which we identify as a recent overprint and refer to as the A component. A magnetization with moderate downward direction, analogous to the B component of the red sediments, is evidently not present in the magnetite-bearing gray shales. Instead, the remaining magnetization usually converges toward the origin by 560 ø to 575øC and has a shallow direction with a declination that roughly either parallels or is opposite to that of the A component; we regard this Cm component as the characteristic magnetization of the gray to black shales.
A subset of the gray to black shales showed, at best, only a single linear trajectory that converged to the origin by about 300øC (Figure 4g) Least squares line fits [Kirschvink, 1980] were used to calculate the component directions from selected segments of the vector plots for each specimen. For the red sediments, estimates of the B component were obtained using data typically from four demagnetization steps between 300 ø and 600øC, and the Ch component from four demagnetization steps between 650 ø and 675ø/680 ø anchored to the origin. For the gray shales (and basalt), estimates of the A component were typically based on three levels to 300 ø or 350øC, and the Cm component from an average of four demagnetization steps in the interval of 400øC and 575øC anchored to the origin. Component estimates with a maximum angular deviation (MAD) greater than 20 ø were rejected.
Isothermal remanent magnetization (IRM) experiments support the broad, lithologic-dependent categorization of magnetic carriers in the sediments based on NRM properties. The IRM of the red sediments does not reach saturation by 1 T and shows a regular unblocking temperature spectra to about 680øC ( Figure 5a) ; these properties signify hematite as the principal, and in most cases sole, magnetic mineral. The IRM of the gray shales typically reaches saturation by about 0.2 T and has a smooth unblocking temperature spectrum to about 570øC (Fig 5b) , properties that conform to magnetite as the dominant magnetic mineral. Mixtures of magnetite and hematite were only occasionally encountered in thin zones between the red and gray shale lithologies. Some of the gray to black shales show evidence of a large IRM fraction with unblocking temperatures of about 350øC, often in addition to a magnetite component (Figure 5c ).
These properties correspond to those samples with no resolvable hightemperature components of NRM (e.g., Figure 4g ) and suggest the presence of pyrrhotite or perhaps greigite [e.g., Reynolds et al., 1994] as an important magnetic carrier in the most reduced parts of the gray to black shale units.
Magnetic susceptibility of samples from the Lockatong, Passaic, and Feltville Formations typically showed very large increases after heating to moderate to high temperatures, starting at about 550øC in the red and gray shales but by about 400øC in the darker gray to black shales ( Figure 5 ). The growth of a highly magnetic phase may be related to alteration of clays or perhaps the oxidation of sulphides that are disseminated in much of the lacustrine sediments. In the red sediments, some of the original hematite may also have become reduced during heating (i.e., the interiors of red specimens tended to become dark gray to black after thermal treatment) and in the process contributed to the generation of a higher susceptibility phase. Thermally induced susceptibility increases were more modest for red sediment samples from outcrop [e.g., Witte and Kent, 1989 ], perhaps because any sulphides had been weathered out of the surficial rocks. In any The NBCP drill cores were not oriented in azimuth during drilling because of the prohibitive expense that this would The orientation of each sample was determined by the following procedure. The expected overprint direction was projected into the deviated hole reference frame according to the downhole orientation logs ( Table 2 ). The sample reference frame was then rotated about the deviated drill core axis until the sample A or B component declination coincided with the projected declination of the expected direction. To obtain sample directions in geographic coordinates, the rotated sample reference frame is simply adjusted for the small borehole deviation; to obtain sample directions with respect to the paleohorizontal or bedding coordinates, the geographic coordinate reference frame is corrected for the bedding tilt as measured in the downhole dipmeter survey ( Table 2 ).
Analyses of Secondary and Characteristic Magnetizations
The use of overprints or secondary magnetizations for azimuthal orientation requires that they have been properly isolated in the drill core samples and correspond on average to a known direction. From a practical standpoint, overprint directions nearly parallel to the drill core axis do not provide very useful azimuthal orientation information; accordingly, we rejected samples with overprint magnetization inclinations greater than 75 ø in the drill core reference frame. We also rejected samples with a magnetization direction shallower than 15 ø over the expected unblocking temperature range of the A or B component; such samples are likely to have a poorly developed overprint magnetization that is difficult to distinguish from the characteristic component. Only a small number of samples were rejected for these reasons and have already been included in the overall statistics shown in Table   1 . The characteristic magnetizations in the sedimentary rocks, oriented according to the A or B overprint within each sample and corrected for bedding tilt, form a bipolar distribution in each drill core (Figure 7) . The northerly and southerly groups of directions are interpreted to correspond to the normal and reversed polarity states, respectively, of the Late Triassic-earliest Jurassic paleomagnetic field. Sample directions more than 90 ø from the northerly end of the bestfitting axis through each data set were inverted and standard Fisher statistics were applied to the common polarity data to calculate a mean direction for each core site (Table 3) and correction for bedding tilt in each sample (Table 4) 
Mean values of inclination

Magnetostratigraphy
The latitude of the virtual geomagnetic pole (VGP) combines declination and inclination in a diagnostic index of polarity [e.g., Lowtie and Lanci, 1994]. A VGP was calculated for each sample characteristic component direction after core orientation and correction for bedding tilt; the latitude of the sample VGP relative to the north paleomagnetic pole for each drill core was used for interpreting the polarity n is number of samples, latitude and longitude are the north latitude and east longitude of the north paleomagnetic pole corresponding to the mean dual polarity directions in bedding coordinates (Table 3) , dp and drn are the semiaxes of the 95% confidence oval, and plat is the paleolatitude of the drill site.
*Excludes Orange Mountain Basalt. Basin, but using "E" rather than "N" which can be confused with the conventional designation for normal polarity), and has a suffix for the dominant polarity (n is normal polarity, r is reversed) of each constituent magnetozone. Polarity intervals that may occur within a magnetozone of higher rank can be labeled in a parallel manner, by assigning to successive pairs of the shorter polarity intervals subordinal integers (ascending upsection) which are then appended after a decimal point to the higher-order magnetozone designation and given a suffix indicating dominant polarity. The basic scheme is thus similar to that used for the Late Cretaceous and Cenozoic geomagnetic polarity sequence based on marine magnetic anomalies [Cande and Kent, 1992] , except that the numbering sequence in the present system always proceeds from older to younger which is more convenient for stratigraphic description.
As described below, the lowermost part of the recovered section (Stockton Formation in the Princeton drill core) is a reversed polarity interval whose base is not defined. We designate this incomplete reversed polarity magnetozone as Elr, and define succeeding polarity magnetozone couplets (e.g., E2 = E2n and E2r, E3 = E3n and E3r, etc.) from the base of the overlying normal polarity interval. To balance the stratigraphic thickness of first rank magnetozones over the entire section and to avoid having short polarity intervals at their boundaries, we assigned several short polarity intervals to a lower rank (e.g., submagnetozones E13n. ln, E13n. lr, and E13n.2n in magnetozone E13n). Although the ranking of magnetozones is inevitably arbitrary, the hierarchical scheme should nevertheless be useful for description at different levels of resolution and to accommodate refinements. In all, we identify magnetozones Elr to E23n that include a total of 59 polarity intervals in the Newark Basin section recovered in the NBCP drill cores. The magnetostratigraphic data and lithologic logs for the seven drill cores are described below from the base of the cored section upward. (Figure 16f ), that were used for between-site correlation. Each overlap interval includes at least one magnetozone boundary (Figures 16a, 16c, 16d , and 16e), with four magnetozone boundaries in Weston-Somerset and in Nursery-Princeton (Figures 16b and 16f) . As already outlined in the descriptions of the individual drill core stratigraphies and highlighted below, the magnetozones and lithostratigraphic members in the lacustrine facies are in excellent mutual agreement in all six between-site comparisons.
The Titusville-Rutgers comparison (Figure 16d ) provides an especially good test because these stratigraphically overlapping core sites are located the farthest apart (~42 km). [Gallet et al., 1992 [Gallet et al., , 1993 [Gallet et al., , 1994 The thickest reversed (KT/B-) and normal (KT/E+) polarity magnetozones at Kavur Tepe suggest a correlation to the longest (and thickest) polarity intervals in the Norian part of the Newark sequence, namely magnetochrons E14r and E16n, respectively (Figure 22 ). Other first-order features of the polarity columns can then be reasonably linked, suggesting that the Kavur Tepe magnetostratigraphy corresponds to E14n to E19n of the Newark polarity sequence. Gallet et al. [1993] also transformed the Kavur Tepe magnetostratigraphy into a linear timescale, assuming an equal duration for ammonoid zones as inferred from the conodont biostratigraphy. KT/C3+ would then become the most prominent normal polarity interval, considerably longer than KT/E+, indicating that KT/C3+ might instead correlate to Newark magnetochron E16n. This alternative correlation is less attractive, forcing mismatches like the very short KT/CI+ being equivalent to the relatively long Newark magnetochron E15n. We believe that the assumption of equal duration for biozones distorts the polarity sequence at Kavur Tepe and might note that biozones are far from equal in duration in the Cenozoic where the timescale is well known [e.g., Berggren et al. , 1985] . Stratigraphic thickness may in fact provide a better proxy for time in the Kavur Tepe section, the option we favor because it results in a more satisfactory correlation to the Newark polarity sequence. Our preferred correlation would also imply that the Alaunian is a shorter substage than the Sevatian, even though the former is thought to consist of three biozone subdivisions whereas the later has only two.
We Figure 12) ; E21r. 2n, E22n. lr, and E23n. lr (Figure 15) ); there are also relatively few candidate magnetozones defined by only one sample (e.g., within E13r (Figure 11) ).
Considering also the repeatability in the between-site comparisons, we believe that the Newark polarity sequence is sufficiently complete to preclude missing polarity intervals as a viable explanation for the poor correlation of the Bolticektasi Tepe magnetostratigraphy. As Gallet et al. [1992, 1993] have cautioned, a number of the polarity intervals in the condensed limestone sections from Turkey are only tentatively defined by single samples; additional and preferably repeated magnetostratigraphic sections are clearly needed to confirm the polarity history for the late Carnian and early Norian in conjunction with an independent conodont biozonation.
In conclusion, while the correlations of available Late Triassic magnetostratigraphies should be regarded as tentative, we believe that the availability of the Newark reference sequence provides motivation and opportunity to develop an integrated and global timescale for the Late Triassic comparable to that developed for the later Mesozoic and Cenozoic.
